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Abstract 
The modules of nuclear quadrupole resonance (NQR) explosive detection system are introduced, and the key component—radiofrequency 
(RF) coil—is researched. In this paper, the small-sized solenoid coil’s diameter, length and number of turns are defined. Experimental 
tests show that this coil has large signal-to-noise ratio (SNR) and high sensitivity. It can detect the NQR signal quickly and accurately, 
proving the feasibility of coil’s design theory and manufacturing method. The design method is very important for the improvement of the 
accuracy of hidden explosives detection and the design of the RF coil under different experimental conditions. 
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1. Introduction 
In recent years, terrorist attacks with explosives are becoming increasingly fierce, bringing about heavy losses for life 
and property of the people. Governments are trying to find a new technology for detecting landmines and explosives 
effectively. Nuclear quadrupole resonance (NQR) detection technology is deeply favored for its many advantages, such as 
high accuracy rate, low false alarm rate, non-magnetic pollution and so on [1-2]. Many researchers have made an in-depth 
study on the hidden explosives detection system based on NQR principle, finding that radiofrequency (RF) coil is one of the 
key components for picking up signals, and its critical issue of electromagnetic design is signal-to-noise ratio (SNR). The 
SNR is higher, the ability of picking up signals from background noise is stronger [3]. In this work the small-sized solenoid 
RF coil’s design and manufacturing method is introduced, and its excellent performance is verified through the test. The RF 
coil has been applied to the NQR explosive detection system, and the purpose of detection of hidden explosives is achieved. 
2. NQR basic principle and detection system composition 
2.1. Basic principle 
Nuclear quadrupole resonance is a technique in RF spectroscopy in which the applied radiation drives transitions 
between the quadrupole energy levels of an atomic nucleus. These levels arise because of the interaction between the 
electric quadrupole moment of the atomic nucleus and the electric field gradient produced by surrounding charges. The 
important quadrupole nucleus in explosives is 14 N  with a spin quantum number 1I  , and this nucleus possesses intrinsic 
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factors for generating nuclear quadrupole resonance, so 14 N  is considered as a characteristic component for explosive 
detection. In addition, the NQR transition frequencies are different for the different nuclei, the same nucleus in different 
substances, or the same substance in different polymorphs. The type of explosives can be uniquely determined according to 
the detected NQR signals. For the specific principle of NQR explosive detection, the reference [4] is available. 
2.2. System composition 
NQR explosive detection system is composed by four modules: transmitter module, probe module, receiver module and 
computer control module. Figure 1 shows the schematic diagram of the system. The function of the transmitter module is 
generating and amplifying the RF pulse sequence. Probe module is responsible for launching RF excitation signals and 
picking up NQR signals. The signals will be amplified, demodulated and filtered by the receiver module, and then sent to 
the analog to digital converter (A/D). The computer control module is responsible for controlling the entire detection system, 
analyzing and processing the obtained data, and showing the final detection results.  
 
 
Fig. 1. Schematic diagram of NQR explosive detection system 
 
3. Design of solenoid coil 
3.1. Theoretical analysis 
As part of the probe module, the RF coil combines with matching network to form a resonant circuit, and works under 
the resonant state. Ideal coil should possess uniform RF field, good fill factor and high quality factor. The quality factor is 
known as Q  value, and it represents the ratio of the inductive reactance and the equivalent loss resistance when the coil 
works under the alternating current (AC) voltage of a certain frequency: 
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Where f  is the frequency, L  is the Inductance of the coil, and R  is the total loss resistance which can be regarded as the 
direct current (DC) resistance of the coil at low frequency. The Q  value is higher, the loss of the circuit is smaller, the signal 
amplification is stronger, the frequency selectivity is better, and the frequency stability of the resonant circuit is higher. 
However, the bandwidth becomes very narrow at high Q  [5], resulting in excessive loss of the useful signal spectral 
components and energy, inductance burnout, capacitor breakdown, and circuit oscillation. Therefore, the selection of Q  
value is the key of coil design. In order to convenient for detecting tube samples by desktop NQR equipment, a solenoid coil 
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is designed and manufactured. The coil can meet the requirements of the test because it has high Q value, high sensitivity, 
and easy manufacture.  
3.2. Parameters design 
The parameters design should meet the requirements of the desired electrical parameters by selecting the geometric 
parameters of the coil. Geometric parameters include wire diameter, coil diameter, coil length and number of turns; 
electrical parameters include inductance and Q  value. The main purpose of the coil design is to improve the sensitivity. 
Final test of the coil has been carried on samples of sodium nitrite (NaNO2) which had to be used to simulate real explosives 
in order to obey the safety regulations. The stable resonance frequency of NaNO2 is 4.64 MHz  at room temperature, 
therefore, the resonance frequency of the coil is 4.64 MHz , and the resonance frequency is given by: 
 
                                                                                      
LC
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Where L  is the inductance, C  is the capacitance of the adjustable capacitor. In order to meet the demand of the frequency 
test, a vacuum capacitor with tuning range of 10~1500 pF  is selected, the inductance value of the coil is about 3 +P , and 
the matching impedance is 50: . 
According to the equation (1), the Q  value is proportional to the operating frequency, and inversely proportional to the 
equivalent resistance. However, the skin effect occurs at high frequency, leading to the increase of the resistance, the 
decrease of the inductance and the descent of the Q  value. For an appropriate Q  value, the copper wire with the diameter 
d of 1.2 mm is selected as the manufacturing material by experience. The powder sample of the NaNO2 is encapsulated in a 
glass bottle of 23 mm in diameter and 46 mm in length. When the sizes of the coil and the glass bottle are closer, the NQR 
detection sensitivity is higher, therefore, the coil diameter coild  is specified to be 24.2 mm . The coil with the length-to-
diameter ratio of two has higher Q  value, so the coil length coill  is 48.4 mm  [6]. According to the inductance, the coil 
diameter and length, the turns of the coil winding is 18 calculated by inductors calculation software. Until now, all the 
parameters of the solenoid coil have been defined. Figure 2 shows the simple cutaway view. 
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Fig. 2.  Cutaway view of solenoid coil 
 
3.3. Manufacture and shield 
In this work, in order to ensure the accuracy of detection, a glass tube with the same diameter to the glass bottle is used 
as the winding skeleton, and it has no cumulative effect on the detection signals of the sample for it does not contain 
nitrogen element. During the coil winding, we should guarantee the uniformity of the spaces between turns of the coil to 
ensure the uniformity of the RF fields. The coil is shielded by the shield box made of iron-nickel alloy to effectively 
suppress and eliminate the electromagnetic interference that may exist and improve the stability of the detection system [7]. 
In addition, the coil is fixed by acrylic boards with good insulating performance to avoid vibrating in the shield box and 
affecting the reception of the detection signals. Up to now, the coil’s manufacture has been finished. The inductance value 
of the coil is 3.309 P+  and the no-load Q  value is 278 tested by Agilent impedance analyzer at 4.64 MHz . The coil meets 
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the expected demand of the design. 
4. Experiment and results 
In order to test the newly-designed coil in this work, we perform measurements with the newly-designed coil and the 
original coil used in the NQR explosive detection system respectively on the same sample. We compare the NQR signal 
amplitude for showing the difference between the two coils. At room temperature, a glass bottle encapsulated with NaNO2 
of 20 g  is placed inside the newly-designed solenoid coil. The PSL type sequence is used, the excitation frequency is set to 
be 4.64 MHz , the sampling time is 2.048 ms , the scanning points is 150, and the receiver gain is 40 dB . The detected time 
domain signal is converted to be frequency domain NQR signal by fast Fourier transform. Using the original coil, we repeat 
the test under the same experimental conditions, and compare the NQR frequency domain signals. As shown in Figure 3, the 
solid line shows the signal detected by the newly-designed coil, and the dotted line shows the signal detected by the original 
coil. 
 
 
     Fig. 3. Frequency domain NQR signal for NaNO2                    Fig. 4. Frequency domain NQR signal for urotropine 
 
 It can be seen from the Figure 3 that the signal amplitude of the original coil is only 0.03, and the signal amplitude of the 
newly-designed coil can reach to be 0.06. The amplitude is nearly doubled. The SNR of the newly-designed coil is 
significantly better than that of the original coil. To further confirm the excellent performance of the new coil, we take 10 g  
powder sample of urotropine and repeat the test. The excitation frequency is set to 3.307 MHz , and the other experimental 
conditions keep invariant. The result of the test shows that the signal amplitude of the original coil is 0.026, and the signal 
amplitude of the newly-designed coil is 0.05. The amplitude is also twice as large as that of the original coil as shown in 
Figure 4. The experimental results fully demonstrate that the new-designed coil has better electromagnetic shielding effect, 
stronger ability of receiving signal and higher stability. The new-designed coil can detect the NQR quickly and accurately, 
achieving the design goal of high Q  value and high sensitivity. 
5. Conclusion 
The hidden explosives detection system based on NQR is a complex test system. The RF coil is a key component, and its 
performance directly affects the SNR of the received signals. The solenoid RF coil designed in this paper has excellent 
performance. The tests indicate that the newly-designed coil has high SNR and high sensitivity, and the amplitude of the 
detected NQR signal is doubled. It can detect weak signal effectively, and consequently improve the accuracy of hidden 
explosives detection. 
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